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VISUAL LIGHT AUDIO TRANSMISSION
SYSTEM

FIELD

The present invention 1s in the techmical field of data
communication systems. More particularly, the present
invention 1s 1n the technical field of free space optical data
communication systems. The present invention relates to a
communication system that utilizes free space optical sig-
naling and whose transmitting component 1s installed in a
conventional lighting system.

BACKGROUND

It 1s well known that a light beam can be varied in
intensity to produce a signal contaiming information within
the amplitude modulation. Furthermore, telecommunica-
tions systems rely upon modulating the wavelengths of the
light signals 1n fiber optics, to impart data onto the light
beam. Furthermore, 1t has been shown that a fluorescent
light source can be used as a one-way communications

device (Dachs, U.S. Pat. No. 3,900,404, Aug. 19, 1975) for

voice communications using an external modulated signal
imparted upon the lamp’s AC current in an amplitude
modulation scheme.

The inherent weakness 1n this system (Dachs) 1s the fact
that the observed light flickers as a function of the audio
signal’s intensity. For many applications, this 1s an unac-
ceptable solution. Subsequent publications and i1nventions
have conceived diflerent modulation techniques such as
pulse code modulation and timing modulation and have
adapted the encoding techniques for applications that require
greater data bandwidths with mixed data types (Leeb, et al,
U.S. Pat. No. 6,794,831, Sep. 21, 2004); however, these
designs are complex and require a greater amount of power,
circuitry, and cost to accomplish.

Through applied eflort, ingenuity, and innovation, Appli-
cant has 1dentified a number of deficiencies and problems
with visible light modulation and demodulation systems.
Applicant has developed a solution that 1s embodied by the
present mvention, which 1s described 1n detail below.

SUMMARY

The following presents a simplified summary of some
embodiments of the mvention 1n order to provide a basic
understanding of the mvention. This summary 1s not an
extensive overview of the invention. It 1s not imntended to
identify key/critical elements of the invention or to delineate
the scope of the invention. Its sole purpose 1s to present some
embodiments of the invention in a simplified form as a
prelude to the more detailed description that 1s presented
later.

Several objects and advantages of the present invention
are:

(a) to allow construction of an optical communication
system whose transmitter simultaneously functions as a
lighting device;

(b) to allow construction of said optical communication
system and light device which operates without flicker or
other eflects upon the light that could be annoying or even
noticeable to a casual observer:

(c) to allow construction of a communication system
without the use of radio signals which may interfere with
other electronic equipment or systems;
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2

(d) to allow construction of a power eflicient, localized
one- or two-way communications in outdoor or indoor
environments:

(¢) to allow construction of said optical communication
system which has minimal cost of manufacture for both the
transmitter and receiver:;

(1) to allow construction of said optical communication
system whose transmitter can be adapted to a wide variety
of residential or commercial building light bulbs; and

(g) to allow construction of a communications system that
1s contained by means of simple barriers that are opaque at
the optical frequencies of interest.

Another object of the present disclosure 1s visible light
audio system comprising a visible light transmitting appa-
ratus comprising an audio compressor or limiter, a voltage
controlled oscillator, a half bridge driver, at least one switch-
ing transistor, a ballast circuit, and a light source, the visible
light transmitting apparatus being operable to receive an
audio source mput at the audio compressor or limiter and
being operable to transmit a modulated light intensity at the
light source; a headband having a plurality of photo diodes
disposed on an upper surface of the headband, the plurality
of photo diodes comprising a photo detector array, the photo
detector array being operable to receive the modulated light
intensity and convert the modulated light intensity into an
clectrical signal; a demodulation device being operably
engaged with the photo detector array to receive the modu-
lated frequency via a system bus, the demodulation device
being operable to demodulate the electrical signal to produce
an audio output corresponding to the audio source input;
and, an audio output device being operably engaged with the
demodulation device to deliver an audio output, the audio
output device comprising one or more speakers or ear
pieces.

Yet another object of the present disclosure 1s a visible
light audio system comprising a visible light transmitting
apparatus comprising an audio compressor or limiter, a
voltage controlled oscillator, a half bridge driver, at least one
switching transistor, a ballast circuit, and a light source, the
visible light transmitting apparatus being operable to receive
an audio source mput at the audio compressor or limiter and
being operable to transmit a modulated light intensity at the
light source; a headband having a plurality of apertures
disposed on an upper surface of the headband, the plurality
of apertures defining terminal ends of a plurality of photo
detectors operably engaged with at least one photo detector
amplifier, the at least one photo detector amplifier being
operable to recerve the modulated light intensity and convert
the modulated light imnto an electrical signal; a demodulation
device being operably engaged with the at least one photo
detector to receive the electrical signal via a system bus, the
demodulation device being operable to demodulate the
clectrical signal to produce an audio output corresponding to
the audio source input; and, an audio output device being
operably engaged with the demodulation device to deliver
an audio output, the audio output device comprising one or
more speakers.

Still another object of the present disclosure 1s a visible
light audio system comprising a visible light transmitting
apparatus comprising an audio compressor or limiter, a
voltage controlled oscillator, a half bridge driver, at least one
switching transistor, a ballast circuit, and a light source, the
visible light transmitting apparatus being operable to receive
an audio source mput at the audio compressor and being
operable to transmit at least one modulated light intensity at
the light source; a body-worn recerver having at least one
photo detector disposed on a surface of the body-worn
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receiver, photo detector being operable to receive the modu-
lated light imntensity and convert the modulated light intensity

into an electrical signal; a demodulation device being oper-
ably engaged with the at least one photo detector to receive
the electrical signal via a system bus, the demodulation
device being operable to demodulate the electrical signal to
produce an audio output corresponding to the compressed
audio source mput; and, an audio output device being
operably engaged with the demodulation device to deliver
an audio output, the audio output device comprising one or
more speakers or ear pieces.

The foregoing has outlined rather broadly the more per-
tinent and important features of the present invention so that
the detailed description of the invention that follows may be
better understood and so that the present contribution to the
art can be more fully appreciated. Additional features of the
invention will be described heremnafter which form the
subject of the claims of the invention. It should be appre-
ciated by those skilled 1n the art that the conception and the
disclosed specific methods and structures may be readily
utilized as a basis for moditying or designing other struc-
tures for carrying out the same purposes of the present
invention. It should be realized by those skilled 1n the art that
such equivalent structures do not depart from the spirit and
scope of the invention as set forth 1n the appended claims.

The figures form a part of the invention disclosure and are
used to illustrate embodiments but not to limit the scope of
the claims to that embodiment. In the following, the inven-
tion will be described 1n more detail with reference to the
drawing, where:

FIG. 1 1s a system diagram of an embodiment of the
present disclosure;

FI1G. 2 15 a functional block diagram of an embodiment of
the system of this mnvention;

FI1G. 3 15 a functional block diagram of an embodiment of
the system of this invention, illustrating functional compo-
nent processes of a transmitter and receiver;

FIG. 4 1s a schematic diagram of an optical communica-
tion system’s transmitter 1n an embodiment of the invention;

FIG. 5 1s an 1illustration of the optical commumnication
system’s recerver 1 an embodiment of the invention;

FIG. 6 1s a cut-away of an embodiment of the invention
illustrating the construction of a fluorescent lamp bulb
transmitter;

FIG. 7 1s a functional block diagram of a visible light
audio system, according to an embodiment of the present
disclosure:

FIG. 8 1s a functional block diagram of a visible light
audio system, according to an embodiment of the present
disclosure; and.,

FIG. 9 1s a functional block diagram of a visible light
audio system, according to an embodiment of the present
disclosure.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

Referring now to the imvention 1n more detail, FIG. 1 1s a
system diagram of an embodiment of the invention. In more
detail, still referring to the invention of FIG. 1, a transmitting
device 450 1s operable to receive a signal of interest and
modulate an operating frequency in response to the signal of
interest. In a preferred embodiment, the signal of interest 1s
an audio signal, and the modulated operating frequency 1is
transmitted as visible light. Modulated operating frequency
from transmitter 450 may travel to a recerver 6350 via a free
space optical path 12. In a preferred embodiment, the
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4

modulated operating frequency may be received by a photo
detector 620, which may be operable to produce a signal that
1s demodulated by receiver 650 to reproduce the audio signal
modulated by transmitter 450.

Referring now to the invention in more detail, FIG. 2 1s a
functional block diagram of an embodiment of the system of
this invention. In more detail, still referring to the invention
of FIG. 2, a transmitting device 450 1s operable to receive a
signal of interest via a sensor mput 410. In a preferred
embodiment, the signal of interest 1s an audio signal. The
audio signal may be modulated by a modulator 430,
whereby modulator 430 converts the audio signal to a
modulated operating frequency. An optic output 440 1s
operable to transmit the modulated operating frequency as
an electromagnetic frequency; in a preferred embodiment,
the electromagnetic frequency 1s emitted as visible light.

Modulated operating frequency emitted from transmitter
450 may travel to a recerver 650 via a free space optical path
12. In a preferred embodiment, the modulated operating
frequency may be received by a photodetector 620. The
modulated operating frequency received by photodetector
620 may be communicated to a demodulator 630. Demodu-
lator 630 may be operable to convert the electromagnetic
modulated operating frequency to a demodulated frequency.
In a preferred embodiment, the demodulated frequency 1is
converted to an audio signal by audio output 640, wherein
the audio signal 1s of substantially the same frequency as that
of the original audio signal received by sensor input 410.

Referring now to the invention 1n more detail, in FIG. 3
there 1s shown a functional system block diagram of an
embodiment of the imvention. In more detail, still referring
to the invention of FIG. 3, the transmitting device may
consist of a compact fluorescent lamp (CFL) 6 whose
operating electronic ballast 5 has been modified to allow
modulation of 1ts operating frequency by a signal of interest.
The front end of the receiver side consists of an optical
collection system made up of an optical collector (1.¢. a lens
subsystem) 7, a filter 8, and a photo-detector 9. In the
embodiment, the signal of interest 1s audio collected on the
transmit side by a microphone 1 and on the receive side the
photo-detector 9 produces a signal that 1s demodulated by a
low carrier frequency, frequency modulation (FM) radio 21
to reproduce the original audio signal.

The construction details of the invention as shown 1n FIG.
3 will now be discussed. The transmaitting part of the system
consists of a microphone 1 coupled to an automatic gain
controlled (AGC) amplifier 2 to adjust for audio signal
levels at the microphone 1, and an audio compressor 3 which
maintains a constant current level being fed to the voltage
controlled oscillator (VCO) 4, and ballast 5, thus avoiding
sudden changes 1n the audio signal causing the fluorescent
lamp to flicker. AGC amplifier 2 and compressor 3 could be
combined as a dynamic range control (DRC) step. DRC may
further mnclude an expansion step, in addition to compress-
ing and limiting. VCO 4 provides the operating frequency
for the electronic switch and ballast 5 that operates the
fluorescent lamp tube 6. Power for the electronic circuits 1s
via an AC to DC converter 13. Light from the transmitter
travels to the recerver along a free space optical path 12.
VCO 4 1s a design choice to perform the function of
modulation, and could be readily substituted for other hard-
ware/soltware/circuitry solutions for modulation.

The recerver section of the system consists of optical
collector 7 coupled to a short pass filter 8 to reduce infrared
interference, and a focusing lens on the front of the photo-
detector (not shown). The use of the front optical collector
7 provides additional signal to the receiver. The blue
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enhanced photo-detector 9 collects light over the visible and
near UV wavelengths. The short pass filter 8 blocks mirared
light, 1n order to minimize the ambient light interference. An
optional UV blocking filter can also be inserted into the
optical chain to minimize ambient light interference. The
photo-detector 9 converts the transmitter’s frequency modu-
lated light mto an electrical signal. The output of the
photo-detector 9 1s feed nto a low frequency FM demodu-
lator 10 for recovery of the audio signal. The FM demodu-
lator 10 1s tuned to the center frequency of the VCO 4 1n the
transmitter for optimum performance. FM demodulator 10 1s
a design choice to perform the function of demodulation,
and could be readily substituted for other hardware/soit-
ware/circuitry solutions for demodulation. The output of the
FM demodulator 10 1s fed to the listening device 11 such as
a head set or speaker. Power for the recerver 1s via a standard
AC to DC power supply 13.

Other variations on this construction technique include
replacement of the transmitter’s CFL bulb with an LED
(Light Emitting Diode) or HID (High Intensity Discharge)
lamp; replacement of the modulation techmque with another
frequency-based type, such as FSK (Frequency Shiit Key-
ing), for transmission of digital data.

Referring now to the invention shown in FIG. 4, there 1s
shown the schematic diagram of an embodiment of the
transmitter’s ballast modulation circuitry.

In more detail, still referring to the mvention of FIG. 4,
there 1s shown the voltage controlled oscillator (VCO) 40,
half bridge driver 41, switching transistors 42, ballast circuit
43, and fluorescent lamp bulb circuitry that comprise the
means for modulation and transmission of the optical com-
munications 1n the embodiment of the invention.

The construction details of the invention as shown in FIG.

4 are, in an embodiment, represents the relationship of the
VCO 40, haltf bridge drniver 41, switching transistors 42,

ballast circuit 43, and lamp 6 (FIG. 3). The ballast circuit 43
consists of an inductor and capacitor 1n a resonant circuit.
The operating point on the resonant circuit’s response curve
determines the current through the lamp 6. As the frequency
changes, the current changes based upon the response
curve’s operating point. Small shifts in frequency only cause
small current changes, hence small light output changes.
Sudden large changes cause large current changes, and can
turn the lamp 6 oil 1f excessive, or cause a noticeable tlicker.

Other variations on this construction technique have been
conceived and prototyped by one or more of the imventors,
including but not limited to incorporation of other styles of
fluorescent and high intensity discharge lighting devices.
For example, 1n an alternative embodiment where the light
source 15 comprised of one or more light emitting diodes
(LEDs) rather than a compact fluorescent tube, the bulb
circuitry would vary from that shown in FIG. 4. In such an
embodiment, the half bridge driver 41 and ballast circuit 43
may be substituted for a series resistor and parallel field-
ellect transistors (FET). Other commercially viable circuitry
and/or hardware configurations and/or combinations are
anticipated, provided such combinations are operable to
enable suthcient modulation of the light intensity at the light
source, as described herein.

Referring now to the invention shown in FIG. 5, there 1s
shown an 1llustration of a receiver assembly of an embodi-
ment of the invention.

In more detail, still referring to the invention of FIG. 5
there 1s shown an optical collector 500 generally comprised
of a Fresnel lens 20, spotting sight 22, photo-detector with
amplifier 24, protective bumpers 25, and FM demodulator
with audio output 21.
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The construction details of the invention as shown 1n FIG.
5 are, 1n an embodiment, an optical collector 500 con-
structed using a Fresnel lens 20 which 1s focused down to the
front end of the photo-detector 24 which has a gain adjust-
ment (not shown). The spotting sight 22 1s used to assist in
alignment 1n both bearing and elevation when the system 1s
used over a long distance and 1s removable when not needed
for operation and i1n shipment. The output of the photo-
detector 24 1s cabled to the input of the FM demodulator 21
which has a peak finder circuit and provides both audible
(through headphone output) and visual (through light emit-
ting diode) indicators to assist the user 1n determining when

the steering alignment has been maximized for signal
strength. The FM demodulator 21 includes software to track
any frequency drift that may occur in the transmitter’s
frequency. The FM demodulator 21 also outputs the
demodulated audio at line, microphone, and line levels so
that the user may reproduce the received audio on a loud-
speaker, headset, or similar device, as well as transmit or
record the received audio. Optical collector 500 as shown
and described 1n FIG. 5 1s merely illustrative of an embodi-
ment of an optical collector utilized by the present invention.
Numerous alternative embodiments of optical collector 500
are anticipated. The size and configuration of optical col-
lector 500 will vary depending on the distance from which
the optical collector needs to collect the modulated light
intensity from the light source; 1.e. the lens of optical
received 500 functions as a directional gain, so for short
distances the optical collector may be lens-less. For
example, 1n a body-worn embodiment (as further described
in FIGS. 7-9) the optical collector may be configured as one
or more photo diodes or avalanche photo diodes (APD)
disposed on a headband or other body-worn device. In
certain embodiments, the optical collector may even be
configured as a camera lens on a smart phone.

Other variations on this construction technique have been
conceived or prototyped by the mventor, including but not
limited to replacement of the receiver’s Fresnel lens with
other optics, such as a spotting scope or telescope; removal
of the recerver’s lens completely for short range links where
the received signal 1s very strong; use of wireless connec-
tions 1nstead of cabling at the receiver; replacement of the
receiver’s photo-detector with a photo-multiplier tube or
similar device; replacement of the demodulation technique
with another frequency-based type, such as FSK (Frequency
Shift Keying), for demodulation of digital data; and the
replacement of the digital FM demodulator circuitry with an
analog equivalent.

Referring now to the mvention shown in FIG. 6, there 1s
shown a cut-away ol an embodiment of the invention
illustrating the construction of a compact tfluorescent lamp
bulb transmuitter.

In more detail, still referring to the invention of FIG. 6,
there 1s shown the screw 30, lamp base 31, lamp ballast
circuit 32, microphone and modulator board 33, and fluo-
rescent tube 34.

The construction details of the invention as shown 1n FIG.
6 are, 1n an embodiment, a commercial-off-the-shelt com-
pact fluorescent lamp with the microphone and modulator
board 33 added 1n the electrical circuit in order to modulate
the ballast refresh rate. Other variations on this construction
technique have been conceived or prototyped by the iven-
tor, including but not limited to other fluorescent tubes and
gas discharge devices; alternative modulator circuit designs;
and other fluorescent lamps of various sizes and form
factors.
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The advantages of the present invention include, without
limitation,

(a) The transmitting apparatus provides a means of collect-
ing audio or other data and transmitting i1t to a remote
location via a free space optical signal;

(b) The transmitting apparatus utilizes a commonly available
style CFL or LED bulb frequently used in residential and
commercial buildings, modified to act as an optical trans-
mitter, while providing functional operation of the apparatus
as a lighting device;

(c) The design of the apparatus allows 1t to be deeply
integrated into other electrical/electronic devices and com-
monly available building components and accessories;

(d) The successiul operation of the apparatus does not
require direct line of sight, merely the observance of the
direct, diffuse, refracted, or reflected light, thus providing
greater flexibility in the installation and operation of the
device;:

(¢) The operating frequency of the system provides immu-
nity from most outside electromagnetic and optical interfer-
ence sources at the recetver and 1s only limited by the ballast
design parameters, thus changes in these parameters will
allow for changes in the operating frequency;

(1) Utilization of an optical transmission signal avoids the
dangers associated with radio frequency signals 1n sensitive
areas such as law enforcement applications, medical radi-
ology centers, and chemical manufacturing areas;

(g) The data modulation apparatus utilizes compression
circuitry to limit any sudden changes 1n its output signal that
may result from sudden changes in its 1nput signal, thus
maintaining a constant lamp drive current and i1llumination;
(h) The design compensates for lamp current variations
through use of the compressor circuit and voltage controlled
oscillator, caused by the inherent nature of the ballast
components that are frequency sensitive, hence can cause
lamp light flicker from large input signals;

(1) The CFL light source can be changed to other gas
discharge and solid state lighting systems, including ultra-
violet, imnfrared, and light emitting diode (LED) sources to
provide the same capabilities as the current embodiment;
and

(1) The simplicity of the design provides low cost of manu-
facture, ease of installation, and high rehability.

There are numerous applications that could benefit from
the present invention, including airports, the meat packing
industry, o1l/gas industry, medical radiology centers, chemi-
cal plants mvolved with explosive materials, libraries and
museums, and law enforcement.

In broad embodiment, the present invention 1s a commu-
nication system that utilizes free space optical signaling and
whose transmitting component 1s 1nstalled 1 a conventional
lighting system, based on CFL, LED, gas discharge, or
similar technologies, which incorporate a refresh rate.

Referring now to FIGS. 7-9, a functional block diagram of
a visible light audio system 700 1s shown. According
embodiments of the present disclosure, visible light audio
system 700 1s operable to enable free space optical commu-
nication of audio signals via transmission of modulated light
intensity at a light source to a photo diode being operably
engaged with a demodulator and audio output device.
Embodiments of visible light audio system 700 may be
utilized, for example, 1n commercial, residential, or church
buildings to transmit audio signals to occupants via the
overhead lighting of the building. Audio signals transmitted
to occupants via the overhead lighting might include prere-
corded messages or a telecommunications circuit; for
example, 1 a hotel, the lighting in the lobby might com-
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municate a message to an ear piece of a blind person that he
or she 1s located 1n the lobby and the reception desk 1s 30 feet
to their rnight. Alternatively, audio signals transmitted to
occupants via the overhead lighting might include live
messages; for example, a microphone input from an 1ndi-
vidual addressing an audience, where the lighting wall
communicate such the microphone mmput to a photo diode
worn by a hearing impaired individual to enable amplifica-
tion of the audio to an assistive listening device. Embodi-
ments of the present disclosure may be utilized 1n any
commercial application where line of sight transmission of
an audio signal 1s required or beneficial for occupants of an
interior structure to receive a location-specific audio mes-
sage.

Referring now to FIG. 7, according to an embodiment of
the present disclosure a visible light audio system 700 1s
generally comprised of a visible light transmitting apparatus
702, a headband 720 having one or more photo diodes, a
demodulation device 726, and an audio output device 732.
Visible light transmitting apparatus 702 may be generally
comprised of an audio compressor or limiter 704, a voltage
controlled oscillator 706, a half bridge driver 708, at least
one switching transistor 710, a ballast circuit 712, and a light
source 714. Light source 714 may consist of one or more
compact fluorescent light bulbs, one or more light emitting
diodes, one or more LED bulbs, and one or more high
intensity discharge lamps. As discussed above, embodi-
ments where the light source 714 1s comprised of one or
more light emitting diodes (LEDs) rather than a compact
fluorescent tube, half bridge driver 708 and ballast circuit
712 may be substituted for a series resistor and parallel
ficld-effect transistors (FET). Visible light transmitting
apparatus 702 may further comprise a battery to serve as a
backup power source 1n the event of a power outage. Visible
light transmitting apparatus 702 1s operable to receive an
audio source input 716 at audio compressor or limiter 704.
Audio compressor or limiter 704 1s operable to compress the
audio mput for modulation. Voltage controlled oscillator
706, half bridge driver 708, switching transistor 710, and
ballast circuit 712 are operable engaged with light source
714 to produce a modulated light intensity at light source
714 corresponding to the modulated audio input. Visible
light transmitting apparatus 702 may further comprise an
automatic gain controlled amplifier 734 operable engaged
with audio compressor or limiter 704. Visible light audio
system 700 may further comprise one or more microphones
operably engaged with automatic gain controlled amplifier
734 for the transmission of a live audio source mput 716 for
modulation and transmission by visible light transmitting
apparatus 702. Visible light transmitting apparatus 702
should be configured to be installed 1n a conventional,
ofl-the-shelf lighting fixture. Visible light audio system 700
may be comprised of a plurality of visible light transmitting,
apparatuses 702 being installed 1n a commercial or residen-
tial dwelling and operably engaged over a network. In
certain embodiments, visible light transmitting apparatus
702 may further comprise one or more photoreceptors
disposed on a surface of the housing (i.e. bulb). Photore-
ceptors disposed on a surface of the housing of visible light
transmitting apparatus 702 would enable visible light trans-
mitting apparatus to also receive modulated light intensity as
well as transmit a modulated light intensity at the light
source; 1.e. visible light transmitting apparatus 702 could
function as a transceiver.

Still referring to FIG. 7 and according to an embodiment
of the present disclosure, headband 720 has a plurality of
photo diodes 724 disposed on an upper surface of headband
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720. The plurality of photo diodes 724 define a photo
detector array 722. Photo detector array 722 1s operable to
receive the modulated light intensity 718 and convert the
modulated light intensity 718 into an electrical signal.
Demodulation device 726 1s operably engaged with photo
detector array 722 to receive the modulated frequency via a
system bus 728. Demodulation device 726 1s operable to
demodulate the electrical signal to produce an audio output
730 corresponding to audio source input 716. An audio
output device 732 is operably engaged with demodulation
device 726 to deliver audio output 730. Audio output device
732 may comprise one or more speakers or ear pieces.
According to an embodiment, audio output device and
headband comprise a set of headphones to be worn by a user.

Referring now to FIG. 8, a functional block diagram of a
visible light audio system 800 1s shown. According to an
embodiment of the present disclosure, visible light audio
system 800 1s generally comprised of a visible light trans-
mitting apparatus 702, a headband 820, a demodulation
device 726, and an audio output device 732. According to
the embodiment shown in FIG. 8, visible light transmitting,
apparatus 702 1s of substantially the same form and function
as described 1n FIG. 7 above. As shown 1n FIG. 8, headband
820 has a plurality of photomultiplier tubes 820 disposed on
an upper surface of headband 820. The plurality of photo-
multiplier tubes 820 are disposed on the upper surface of
headband 820 such that the terminal ends of a plurality of
photomultiplier tubes 820 define a photomultiplier array
734. Photomultiplier tubes 820 are operably engaged with at
least one photo detector amplifier 824 to deliver the modu-
lated light intensity 718 to photo detector amplifier 824.
Photo detector amplifier 824 1s operable to receive modu-
lated light 1intensity 718 and convert modulated light inten-
sity 718 1nto an electrical signal containing the modulated
frequency. Demodulation device 726 1s operably engaged
with photo detector amplifier 824 to receive the modulated
frequency via a system bus 728. Demodulation device 726
1s operable to demodulate the electrical signal to produce an
audio output 730 corresponding to audio source mput 716.
An audio output device 732 1s operably engaged with
demodulation device 726 to deliver audio output 730. Audio
output device 732 may comprise one or more speakers or ear
pieces.

Referring now to FIG. 9, a functional block diagram of a
visible light audio system 900 1s shown. According to an
embodiment of the present disclosure, visible light audio
system 900 1s generally comprised of a visible light trans-
mitting apparatus 702, a body-worn receiver 924, a demodu-
lation device 926, and an audio output device 932. Accord-
ing to the embodiment shown in FIG. 9, visible light
transmitting apparatus 702 1s of substantially the same form
and function as described in FIG. 7 above. According to the
embodiment shown 1 FIG. 9, body-worn receiver 924 1s
comprised of at least one photo detector disposed on a
surface of body-worn receiver 924. The photo detector of
body-worn receiver 924 1s operable to receive modulated
light intensity 718 and convert the modulated light intensity
into an electrical signal containing the modulated frequency.
Demodulation device 926 1s operably engaged with body-
worn recerver 924 to receive the modulated frequency via a
system bus 928. Demodulation device 726 1s operable to
demodulate the electrical signal to produce an audio output
730 corresponding to audio source input 716. An audio
output device 932 is operably engaged with demodulation
device 926 to deliver audio output 730. Audio output device
932 may comprise one or more speakers or ear pieces.
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While the foregoing written description of the invention
ecnables one of ordinary skill to make and use what 1is
considered presently to be the best mode thereot, those of
ordinary skill will understand and appreciate the existence of
variations, combinations, and equivalents of the specific
embodiment, method, and examples herein. The mvention
should therefore not be limited by the above described
embodiment, method, and examples, but by all embodi-
ments and methods within the scope and spirit of the
invention.

What 1s claimed 1s:

1. A visible light audio system comprising:

a visible light transmitting apparatus comprising a modu-
lator, a driver, and a light source, the wvisible light
transmitting apparatus being operable to receive an
audio source input and being operable to transmit a
modulated visible light output corresponding to the
audio source mput at the light source, the audio source
input comprising assistive mformation for at least one
visually or hearing impaired user;

a recerver comprising a headband having a plurality of
photo diodes disposed on an upper surface of the
headband, the plurality of photo diodes comprising a
photo detector array, the photo detector array being
operable to receive the modulated light intensity and
convert the modulated light intensity mto an electrical
signal;

a demodulation device being operably engaged with the
photo detector array to receive the modulated fre-
quency via a system bus, the demodulation device
being operable to demodulate the electrical signal to
produce an audio output corresponding to the audio
source mput; and,

an audio output device being operably engaged with the
demodulation device to deliver an audio output, the
audio output device comprising one or more assistive
listening devices or ear pieces.

2. The visible light audio system of claim 1 wherein the
audio output device and the headband comprise a set of
headphones.

3. The visible light audio system of claim 1 wherein the
visible light transmitting apparatus further comprises an
automatic gain controlled amplifier or dynamic range con-
trol means.

4. The visible light audio system of claim 3 wherein the
visible light transmitting apparatus further comprises a
microphone operably engaged with the automatic gain con-
trolled amplifier or dynamic range control means.

5. The visible light audio system of claim 1 wherein the
light source 1s selected from the group consisting of one or
more compact tluorescent light bulbs, fluorescent tubes, one
or more light emitting diodes, one or more LED bulbs, and
one or more high intensity discharge lamps.

6. The visible light audio system of claim 1 wherein the
audio source input comprises a prerecorded message or
telecommunications circuit.

7. The wvisible light audio system of claim 6 further
comprising a plurality of visible light transmaitting appara-
tuses being mstalled 1n a commercial or residential dwelling,
the plurality of visible light transmitting apparatuses being
operably engaged over a network.

8. The visible light audio system of claim 7 wherein each
visible light transmitting apparatus 1n the plurality of visible
light transmitting apparatuses 1s configured to transmit a
prerecorded message corresponding to a location in the
commercial or residential dwelling.
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9. A visible light audio system comprising:

a visible light transmitting apparatus comprising a modu-
lator, a driver, and a light source, the visible light
transmitting apparatus being operable to receive an
audio source mput and being operable to transmit a
modulated visible light output corresponding to the
audio source mput at the light source;

a receiver comprising a headband having a plurality of
apertures disposed on an upper surface of the head-
band, each aperture in the plurality of apertures defin-
ing a terminal end of each tube in a plurality of tubes,
the plurality of tubes being operably engaged with at
least one photo sensor, the at least one photo sensor
being operable to receive the modulated visible light
output and convert the modulated visible light output
into an electrical signal;

a demodulation device being operably engaged with the at
least one photo detector to receive the electrical signal
via a system bus, the demodulation device being oper-
able to demodulate the electrical signal to produce an
audio output corresponding to the audio source mput;
and,

an audio output device being operably engaged with the
demodulation device to deliver an audio output, the
audio output device comprising one or more speakers.

10. The visible light audio system of claim 9 wherein the
audio output device and the headband comprise a set of
headphones.

11. The visible light audio system of claim 9 wherein the
audio source iput comprises a prerecorded message or
telecommunications circuit.

12. The wvisible light audio system of claim 11 further
comprising a plurality of visible light transmitting appara-
tuses being mstalled 1n a commercial or residential dwelling,
the plurality of visible light transmaitting apparatuses being,
operably engaged over a network.

13. The visible light audio system of claim 12 wherein
cach visible light transmitting apparatus 1n the plurality of
visible light transmitting apparatuses 1s configured to trans-
mit a prerecorded message corresponding to a location in the
commercial or residential dwelling.

14. The visible light audio system of claim 9 wherein the
light source 1s selected from the group consisting of one or

5

10

15

20

25

30

35

40

12

more compact fluorescent light bulbs, fluorescent tubes, one
or more light emitting diodes, one or more LED bulbs, and
one or more high intensity discharge lamps.

15. A visible light audio system comprising:

a visible light transmitting apparatus comprising a modu-
lator, a driver, and a light source, the visible light
transmitting apparatus being operable to receive an
audio source input and being operable to transmit a
modulated visible light output corresponding to the
audio source 1nput at the light source;

a body-worn or body-carried receiver configured to be
worn on a torso of a user having at least one photo
detector disposed on a surface of the body-worn or
body-carried receiver, the photo detector being oper-
able to receive the modulated visible light output and
convert the modulated visible light output into an
electrical signal;

a demodulation device being operably engaged with the at
least one photo detector to receive the electrical signal
via a system bus, the demodulation device being oper-
able to demodulate the electrical signal to produce an
audio output corresponding to the compressed audio
source mnput; and,

an audio output device being operably engaged with the
demodulation device to deliver an audio output, the
audio output device comprising one or more assistive
listening devices or ear pieces.

16. The visible light audio system of claim 15 wherein the
audio source input comprises a prerecorded message or
telecommunications circuit.

17. The visible light audio system of claim 16 further
comprising a plurality of visible light transmaitting appara-
tuses being mstalled 1n a commercial or residential dwelling,
the plurality of visible light transmitting apparatuses being
operably engaged over a network.

18. The visible light audio system of claim 17 wherein
cach visible light transmitting apparatus 1n the plurality of
visible light transmitting apparatuses 1s configured to trans-
mit a prerecorded message corresponding to a location in the
commercial or residential dwelling.
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